Increasing numbers of researchers are interested in the importance of dietary fiber for the gut microbiota, microbiotal metabolite SCFA, energy metabolism and gut health of the host. However, studies have demonstrated that long-term and longitudinal observation may be needed to evaluate the effect of dietary fiber better, and few such works have been made in chickens. Therefore, we successively fed low-fiber, high--fiber and low-fiber diets to two breeds of chickens during different growth periods (1-8, 9-20 and 21-50 weeks), aiming to longitudinally observe the long-term effect of altered dietary fiber on the gut microbiota, SCFA and development of cecum of chickens with age. The results showed that the composition and function of the gut microbiota, SCFA and the development of the cecum were different during different periods, which was largly affected by dietary fiber. However, the causes of some effects were different during the different periods. For example, compared with that in low-fiber chickens at 8 weeks, dominant fiber-degradation bacteria such as Bacteroidetes, Alloprevotella and SCFA-producing bacteria such as Faecalibacterium increased due to a high-fiber diet at 20 weeks, while due to a high feed intake in 50 weeks. Moreover, the concentration of SCFA in 20 weeks was significantly higher than in 8 weeks and 50 weeks, but the causes of this difference were also distinct. It was proposed that a long-term observation was needed to evaluate the effect of dietary fiber better on chickens. The metabolite pathways of ATP-binding cassette (ABC) transporters encoded by Firmicutes were enriched in 8 weeks, while a two-component system and β-glucosidase encoded by Bacteroidetes were enriched in 20 and 50 weeks. The trend was the same in two breeds of chickens except for Alloprevotella. In addition, the total content of SCFA in the contents of cecum was also affected by the size of the cecum. Surprisingly, the length of the cecum shortened from 20-50 weeks, maybe due to reduced dietary fiber. explored. Dietary fiber is broken down into monosaccharide or oligosaccharide by carbohydrate active enzymes (CAZymes) such as β-glucosidase encoded by microbiotal genomes [11] . Bacteroidetes is the generalist of degrading dietary fiber [12] while Firmicutes is regarded as the specialists. Bacteroides and Prevotella are fiber-degradation experts in Bacteroidetes. Bacteroidetes can utilize a series of plant-derived dietary polysaccharides via unique polysaccharide utilization sites (PULs) [13] . In contrast, Firmicutes introduces glucose via ATP-binding cassette (ABC) transporters and other transporters encoded by gram-positive PULs (gpPULs) [14] . Excellent fiber-degradation bacteria in Firmicutes include Ruminococcus, Fibrobacter, Butyrivibrio and so on. Ruminococcus can efficiently utilize cellulose via cellulosome [15] .
Introduction
Dietary fiber is the substrate of microorganisms residing in the gut. The consumption of a high-fiber diet helps to increase the richness and diversity of gut microbiota [1] . In contrast, a lack of dietary fiber will decrease microbial diversity [2, 3] and reduce the thickness of the mucus layer [4] . High microbiota diversity and varied complex carbohydrates such as dietary fiber in the diet might result in increased production of multiple types of short-chain fatty acids (SCFAs) [5] . It seems to be puzzling that the microbiotal diversity of obese people decreases [6, 7] , but their SCFAs were higher than lean people [8, 9] . It is unclear whether SCFA contribute to obesity or simply reflect an altered gut microbiota [10] . The exact relationship between microbiotal diversity and SCFA is worth being 3 of 15 cage. Chickens were fed three kinds of feed (Jinzhong Shiyang Feed Ltd, Taigu) ( Table 1) containing different levels of dietary fiber (low-fiber, high-fiber and low-fiber) during 1-8, 9-20 and 21-50 weeks, respectively. Samples were harvested to measure the composition and function of gut microbiota, the concentration of SCFAs in the content of the cecum and the length of the cecum of IBH at the end of 8, 20 and 50 weeks and BH at the end of 20 and 50 weeks. 
Management
Chickens were caged in brood cages for the first 1-8 weeks. After sampling at the end of the 8-week, chickens were transferred into three-step cages and raised until the experiment was completed. Chickens were given free access to water and feed. The management of the temperature, light, and humidity was conducted according to the breeding manual of IBH. No conventional immunization schedule of chickens was performed to avoid impacts on gut microbiota. Chicken manure was cleaned in a timely manner. Feed intake of each reduplicate of chickens was recorded.
Sampling
We chose nine chickens from nine replicates in IBH in 8 weeks, and chose nine chickens from each breed of chickens at the end of 20 and 50 weeks. They were executed with humanitarian 4 of 15 slaughter and the length and weight of the cecum were measured. The contents of the right cecum were collected into multiple cryogenic tubes, and they were put into a liquid nitrogen tank; then preserved at -80°C until the determination of SCFA. As above, the left cecum contents were gathered to perform the 16S rRNA gene sequence of gut microbiota.
Determination

S rRNA Gene Sequence
The 16S rRNA gene of gut microbiota was sequenced by Genedenovo Biotechnology Ltd (Guangzhou, China) using High-Throughput Sequencing Technology. First, DNA extraction and PCR amplification were performed using the HiPure Stool DNA Kits (Magen, Guangzhou, China). V3-V4 regions of the16S ribosomal RNA gene were amplified by PCR using primers 341F 5'-CCTACGGGNGGCWGCAG and 806R 3'-GGACTACHVGGGTATCTAAT. Illumina Hiseq 2500 sequencing was successively extracted.
Bioinformatics analysis. (1) Quality control and reads assembly. (2) OTU cluster. Effective tags were clustered into operational taxonomic units (OTUs) of ≥ 97 % similarity using the UPARSE pipeline [38] . The tag sequence with highest abundance was selected as representative sequence within each cluster. (3) Taxonomy classification. The representative sequences were classified into organisms by a naive Bayesian model using RDP classifier (version 2.2) [39] based on SILVA Database [40] , with the confidence threshold values ranged from 0.8 to 1. Biomarker features in each group were screened by Metastats (version 20090414) [41] and linear discriminant analysis effect size (LEfSe) software (version 1.0) [42] . (4) alpha diversity and beta diversity analysis. Alpha diversity indices including ACE, Chao1, Shannon and Simpson were calculated in QIIME. Beta diversity was performed using Muscle (version 3.8.31) [43] . (5) Function prediction. KEGG pathway analysis of the OTUs was inferred using Tax4Fun (version 1.0) [44] .
The Concentration of SCFAs
It was measured using the internal standard method with High Performance Gas Chromatography (HPGC). First, we prepared a solution containing internal standard crotonic acid. We accurately weighed metaphosphoric acid 25 g and crotonic acid 0.6464 g, and put them into a 100 mL volumetric flask and up to 100 mL with ultra-pure water. Then, we prepared 100 mL mixed standard stock solutions as follows: different volumes of standards were added ( Table 2 ) into a 100 ml volumetric flask, topped up to 100 mL with ultra-pure water and preserved at 4°C. The concentration (g/L) of additive was calculate according to the density of each standards (e.g., acetate is 1.050 g/ml) and then it was converted into the mol concentration (mmol/L) base on molar mass of each standard (e.g. acetate is 60 mol/g). The volatile fatty acid standard solution was prepared as follows: 0.2 mL of deproteinized metaphosphate solution containing crotonic acid was added to three 1.5 mL centrifuge tubes, and 1 mL mixed standard stock solution was added to this. The peak area of crotonic acid in the standard solution was measured.
Sample preparation: 0.5-1 g contents of the cecum were added to nine times the weight of ultra-pure water, homogenate, centrifuged at 10,000 rpm for 10 min, and the supernatant was removed. Then, 1 mL of supernatant sample was placed into a 1.5 mL EP tube, and 0.2 mL mixed solution of crotonic metaphosphate was added, and reacted for 3 h. Centrifugation at 12,000 r for 5 min was undertaken. The supernatant was injected into the chromatograph instantaneously with a 10 μL microinjector, and the injection volume was 1.0 μL. Reaction conditions were set as follows: injection temperature 220°C; initial temperature 70°C; detector temperature 220°C; split 5; split ratio 6; constant current 0.8 mL/min; tail blowing 40 ml/min; hydrogen 35 mL/min and air 350 mL/min.
The concentration of a certain acid (mmol/L) = (peak area of certain acid of sample × peak area of crotonic acid in standard solution×mol concentration of certain acid) ÷ (peak area of crotonic acid in sample × peak area of certain acid in standard solution). 1 Concentration of additive standards (g/L) = density of standards (g/mL) × additive volume (μL) ÷ 100. 2 Mol concentration (mmol/L) = concentration of additive standard (g/L) ÷ molar mass of standard (g/mol) × 1000.
Statistical Analysis
Statistical analyses of SCFAs and the development of cecum were performed using a one-way analysis of variance (ANOVA) with Statistical Product and Service Solutions (SPSS) 22.0 (IBM). The results are expressed as the means and standard error of the mean (SEM). In terms of gut microbiota, abundance statistics of each taxonomy were visualized using Krona [45] (version 2.6). The comparison of α-diversity indexes between groups was calculated by Welch's t-test and Wilcoxon rank test using Vegan package (version 2.5.3) in R project, and the comparison among groups was computed by Tukey's HSD test and the Kruskal-Wallis H test using Vegan package (version 2.5.3) in R project [46] . The β-diversity analyses of Welch's t-test, the Wilcoxon rank test, Tukey's HSD test and the Kruskal-Wallis H test were calculated using Vegan package (version 2.5.3) in R project.
Results
For simplicity, "ISA Brown Hens-eight weeks" was named IBHE, "ISA Brown Hens-twenty weeks" was named IBHT, and "ISA Brown Hens-fifty weeks" was named IBHF. Similarly, "Bian Hens-twenty weeks" was named BHT for short, and "Bian Hens-fifty weeks" was named BHF. At the phylum level, Bacteroidetes (red) and Firmicutes (blue) were the main phyla in the two breeds of chickens during the entire experiment periods; however, the abundance of Bacteroidetes gradually increased while Firmicutes gradually decreased from 8 to 50 weeks. The dominant bacteria of IBHE and IBHT also included Proteobacteria (light blue) and Verrucomicrobia (beige), respectively.
Gut Microbial Composition, Function and Diversity During Different Growth Periods
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IBHF BHT IBHT IBHE Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 February 2020 doi:10.20944/preprints202002.0109.v1 (dark blue), the potential fiber-degradation bacteria Prevotellae_UCG_001 (blue green) and Alloprevotella (green), Notably, the abundance of Alloprevotella is higher in BHT than IBHT, which suits to the character of the crude fiber-tolerant of BH. BHF and IBHF included Rikenellaceae_RC9_gut_group (dark blue), propionat-producing bacteria Phascolarctobacterium (brown) and Desulfovibrio (purple).
IBHF BHT IBHT IBHE Furthermore, in order to better understand the effects of the fiber diet on genus, we observed the top 25 dominant bacteria genera through a heat map ( Figure 4 ). This is consistent with Figure 3 . The degree of heat gradually decreased with the color gradient turing blue from red.
This showed that the bacterial heat classification at 8, 20 and 50 weeks was distinct. We focused on fiber-degradation bacteria and SCFA-producing bacteria. The dominant bacteria of IBHE included fewer SCFA-producing bacteria and bile-tolerant bacteria Alistipes but no fiber-degradation bacteria, which was related to the low-fiber diet at 8 weeks. In contrast, IBHT and BHT with a high-fiber diet had more dominant SCFA-producing bacteria Phascolarctobacterium, Odoribacter, Faecalibacterium, Megamonas, Anaerotruncus and potential fiber-degradation bacteria Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 February 2020 doi:10.20944/preprints202002.0109.v1
Bacteroides, Prevotellaceae_UCG-001 and Alloprevotella. Notably, some fiber-degradation bacteria such as Bacteroides, Prevotella also produce SCFA. Notably, IBHF and BHF with the lowest-fiber diet also had some potential fiber-degradation bacteria such as Prevotellaceae_UCG-001, Alloprevotella and Prevotellaceae_Ga6A1_group and SCFA-producing bacteria Phascolarctobacterium, Odoribacter, Fusobacterium and Sutterella. This may be related to the high feed intake, which means a great deal of fiber was brought in at the same time.
BHF IBHF BHT IBHT IBHE Figure 4 . The heat map of dominant genera during different periods.
Functional prediction of gut microbiota
We further determined the functional prediction of gut microbiota further because many microorganisms have multiple functions. The heat map showed that the function annotation of microorganisms was significantly different during different growth periods ( Figure 5 ). The functional annotation of 8-week bacteria were enriched in KEGG pathway K06147, K02003 and K01990, which all are defined by the ATP-binding cassette (ABC) transport system. This is because the dominant bacteria Firmicutes in 8 weeks introduces glucose via ABC transporters [14] .
In contrast, functional annotation of 20 and 50-week bacteria not only included K06158, K15738 and K02004, which were defined by ABC transport, but also included K01190 (β-galactosidase), K05349 (β-glucosidase) and K00936 and K07636 which are defined by the two-component system, because the polysaccharide utilization site (PUL) of the dominant Bacteroidetes encodes a mixed two-component system (HTCs) and glycoside hydrolases [47, 48] .
In addition, 50-week-old chickens also included K01897, which is defined as a long-chain acyl-CoA synthetase. K01897 includes the fatty acid metabolism ko01212 and peroxisome proliferators-activated receptor (PPAR) signaling pathway ko03320, which is involved in the oxidation of fatty acids and glycogen storage in the liver. This was consistent with excess nutrition, overweight abdominal fat and fatty liver in 50-week-old chickens.
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Gut microbial diversity indices of IBH and BH
Next, we measured gut microbial diversity during different growth periods. The α-diversity reflects the microbial diversity within a single sample, while β-diversity is used to compare the microbial diversity between different samples. ACE and Chao1 reflect the community richness, while Shannon and Simpson indices reflect the community richness and community diversity.
It showed that the α-diversity significantly increased with age except for Shannon and Simpson indices in IBH (Table 3) . This was consistent with the numbers of OTUs which increased with age, especially during 20 -50 weeks. The α-diversity and β-diversity also significantly increased with age in BH (Table 3) . Given the level of fiber was the lowest in 50 weeks, it suggested that the highest microbial diversity at 50 weeks might be induced by high feed intake but not fiber. A,B ) and (a,b) represent an extremely significant difference and a significant difference in the same column respectively.
Comparison of SCFA During Different Periods
Next, we measured the relation between microbial diversity and SCFA (Table 4 ). Interestingly, although the microbial diversity at 50 weeks was the highest, the concentration of SCFA in IBHT was almost twice as high as in IBHE and IBHF. The concentration of propionate and butyrate in BHT was also significantly higher than those in BHF. Given that number and abundance of dominant SCFAs-producing bacteria in IBHT was similar to IBHF, it could not induce this big change; thus we speculated that there would be another primary reason. A, B) and (a, b) separately represent an extremely significant and a significant difference in the same column.
LEfSe of Significant Different Microbiota between 20 weeks and 50 weeks
In order to discover the reasons that the SCFA values of IBHT were significantly higher than those in IBHF, we determined biomarkers genera using LEfSe ( Figure 6) . A value of Linear Discriminant Analysis (LDA) of certain microbes of >2 shows that the difference was significant.
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We focused on the number and abundance of fiber-degradation genus and SCFA-producing genera. This showed that compared with the IBHT, IBHF has more unique fiber-degradation bacteria with low-abundance, such as Prevotella_1, Treponema and Fibrobacter which was a specialist of degrading cellulose (Figure 6a ). This was consistent with the comparison between BHT and BHF (Figure 6b ). In addition, the number and relative abundance of dominant SCFA-producing bacteria (count fiber-degradation bacteria which can produce SCFA) showed little difference between IBHT and IBHF (Figure 6a) (Table 5 ). However, notably, the numbers of dominant genera and unique bacteria in 50-week-old chickens were found to be increased compared to 20-week-old chickens using Metastats; however, the majority of them were not fiber-degradation or SCFA-producing bacteria ( Table 6 ). This implies that so many bacteria competed for limited glucose that less glucose was fermented into SCFA by fewer SCFA-producing bacteria. This maybe a primary reason that the content of SCFA in IBHT was significantly higher than in IBHF. 6 . LDA of gut microbiota between IBHT and IBHF.
Comparison of Feed Intake and Development of the Cecum During Different Growth Periods
In addition, we speculated that total SCFAs should be related to the size of the cecum. We found that the length of the cecum and the weight of the cecum chyme significantly increased from 8-20 weeks in IBH (Table 6 ). This was possibly another reason that the SCFAs of IBHT were higher than IBHE. However, surprisingly, the length of the cecum shortened from 20-50 weeks both in BH and IBH (Table 6 ). It was uncertain whether the decreased cecum was a normal physiological phenomenon or induced by a low-fiber diet. In addition, it showed that the feed intake and weight of abdominal fat significantly increased with age, and fatty livers were also found in BHF and IBHF in this experiment. 
Discussion
Dietary Fiber and Fiber-Degradation Bacteria
The composition of gut microbiota of the same individual shifted during different periods [28, 49] due to the altered gut microbiota mainly being shaped by different diets, especially dietary fiber [50, 51] . For example, Bifidobacteria, which is predominant in infants gradually decreases after babies eat solid food [25] . Prevotella gradually became the most diverse and predominant genus with the increase of dietary fiber and age in pigs [28] .
In this experiment, the dominant bacteria of 8-week-old IBH did not include fiber-degradation bacteria but included Firmicutes, Proteobacteria and the bile-tolerant bacteria Alistipes. This was attributed to its high-fat-low-fiber diet [52] . Alistipes specially increased in the animal-based diet [29] . In contrast, the fiber-degradation bacteria Bacteroidetes, Prevotellae and Alloprevotella obviously increased in the high-fiber diet at 20 weeks and low-fiber diet at 50 weeks owing to the high feed intake. The abundance of Prevotellaceae was extremely low in mice fed a free-fiber diet [53] . Prevotella is enriched in a fiber diet [54] and has a strong ability to utilize fiber [55] .
Notably, many unique fiber-degradation bacteria including Fibrobacter were found in a low-fiber diet at 50 weeks. This suggested that the increased feed intake of a low-fiber diet can also increase the abundance of fiber-degradation bacteria. Moreover, as far as we know, it seems that Fibrobacter has not been reported in chickens. Fibrobacter was once believed to only exist in mammalian intestines [56, 57] . Researchers first reported it in the cecum of birds (ostrich) in 2010 [58] .
Dietary Fiber and The Function Annotation of Bactreia
The functional annotation of OUTs at 8 weeks included ABC transports. This was consistent with the dominant phylum,which was Firmicutes during this period. Contrary to the gram-negative bacteria Bacteroides, Firmicutes has gram-positive PULs (gpPULs) [14] , which encode ABC transporters and the major facilitation superfamily (MFS) to introduce small sugar into the periplasm for processing. An ABC transporter is a type of transport ATPase on the bacterial plasma membrane and transfers glucose to the other side of the membrane through the change of conformation.
In contrast, functional annotation included two-component system and β-glycosidase in 20 and 50 weeks. Many members of Bacteroidetes can utilize polysaccharides through unique PULs [13] . PUL has been identified in all members of Bacteroides such as B. pleuroides and B. ovalis [59, 60] . PUL encodes a mixed two-component system (HTCs) and extracellular polysaccharide degrading enzymes such as beta-glycosidase [61, 62] . Bacteroidetes can degrade dietary fiber by cleaving glycosidic bonds using extracellular glycoside hydrolase such as β-glucosidase [11] . The functional annotation at 50 weeks also included long-chain acyl-CoA synthetase, which contained fatty acid metabolism and PPAR signaling pathway. This was consistent with the increased abdominal fat and fatty liver of 50-week-old chickens. Acetate and butyrate can upregulate the target gene of PPARα, which can increase the oxidation of fatty acids and glycogen storage in the liver.
Dietary fiber and SCFAs
Dietary fiber is cleaved into monosaccharide by fiber-degradation bacteria before it is fermented into SCFA by SCFA-producing microorganisms [11] . SCFA is also called volatile fatty acid (VFA). Acetate, propionate and butyrate account for 90%~95% of SCFA. Acetate-producing bacteria include Bifidobacterium, Sutterella and so on. Propionate-producing bacteria include Propionibacterium, Phascolarctobacterium, Veillonella [63] and so on. Butyrate-producing bacteria include Faecalibacterium [64] , Roseburia, Coprocccus [65] , Anaerostipes, Odoribacter and so on. SCFA-producing bacteria also contain fiber-degrading bacteria such as Bacteroides and Prevotella.
In this study, dominant SCFA-producing bacteria at 8 weeks were decreased, but included the bile-tolerant Alistipes and Bilophila. There was a significant positive correlation between Alistipes putradinis and the branched chain fatty acids (BCFAs) isobutyrate, and isovalerate [29] . About 16%--23% of the protein was fermented into BCFA with harmful metabolites such as ammonia. In contrast, 20-week IBHT and BHT included more dominant SCFA-producing bacteria. Therefore, SCFAs were increased compared to at 8 weeks. This was explained by the fact that the level of fiber increased in 20 weeks.
Gut Microbial Diversity and SCFA
The α-diversity of the gut microbiota of pigs increases with age [28] . In this experiment, the microbial diversity also grew with age. Generally, high microbiota diversity and varied dietary fiber in the diet result in the increased production of multiple SCFAs [5] . Interestingly, we observed that the concentration of SCFAs (including BCFAs) in 20-week IBHT was greater than 50-week IBHF. We speculate that it is more likely that although the microbial diversity at 50 weeks was higher than that at 20 weeks, most of the bacteria were not fiber-degradation bacteria or SCFA-producing bacteria, this means that more bacteria compete for limited glucose and protein as the carbon and nitrogen sources for growth, and less glucose was fermented into SCFA including BCFAs. This may help to explain why obese people have less microbial diversity but have more SCFAs [66, 67] . This is our new point of view. This also highlighted the importance of consuming dietary fiber that can increase the diversity of microorganisms including fiber-degradation bacteria or SCFA-producing bacteria and the content of SCFA such as acetate, propionate and butyrate, and decrease the fermentation of protein, the content of BCFAs and decrease the competition of other bacteria for monosaccharide.
Dietary Fiber, Development of the Cecum and SCFAs
Cecum is the principal place for microbial fermentation in chickens. We discovered that the length of the cecum in a high-fiber diet at 20 weeks was greater than that in a low-fiber diet at 8 weeks. Similarly, mice who were fed a high-fiber diet had a longer colon [4] . This supported the idea that the content of SCFA was increased at 20 weeks. In addition, surprisingly, the length of the cecum shortened in a low-fiber diet at 50 weeks. Because there are no related reports which describe this physiological phenomenon, it is hard to explain that whether it was just a physiological Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 February 2020 doi:10.20944/preprints202002.0109.v1 phenomenon or was caused by decreased dietary fiber or excessive nutrition at 50 weeks. The longer and thicker the cecum is, the more chyme would be accommodated, and more SCFAs and gases such as CO2 can be produced. Butyrate can provide energy for the proliferation of epithelial cells and development of the the cecum. Fermented gases expanded the volume of the cecum, thus in turn promoting more chyme to be accommodated, and more SCFAs can be produced. We discovered that the end of the cecum filled with gas in many chickens. This may be a different mechanism by which dietary fiber contributes to the production of SCFA. Actually, the effects of SCFA on the health of the host are related to the total content of SCFAs in chyme. However, it seems impossible to weigh the total amount of chyme in the colon of humans or rumen of cattle. The size of the cecum (colon), total content of chime and SCFAs may partly explain that why the same diet produces different effects on the gut microbiota in different people [37] .
Conclusions
The composition and function of gut microbiota, SCFAs and the size of the cecum are different during different growth periods, which is closely related to alerted dietary fiber in diets. The abundance of fiber-degradation and SCFA-producing bacteria is affected by feed intake besides dietary fiber. Similarly, the concentration of SCFA is not only affected by fiber-degradation bacteria and SCFA-producing bacteria, but also seriously affected by microbial diversity and the size of the cecum. The trend is the same in the two breeds of chickens. Notably, the length of the cecum decreased during 20 -50 weeks ； it is unclear whether this is just a normal physiological phenomenon or induced by reduced dietary fiber. In addition, the total amount of SCFA in the chyme should be investigated. Given that the causes for the same result were different during different growth periods in this experiment, long-term and longitudinal observations may be needed to better evaluate the effect of dietary fiber on chickens.
